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Aim: Compare the 1-year costs of three catheter ablation technologies for the treatment of paroxysmal
atrial fibrillation (PAF). Materials & methods: A decision tree model was developed to estimate 1-year hos-
pital costs associated with an index and potential repeat PAF ablation procedure using the Thermocool R©

Smarttouch R© Catheter (ST), Thermocool SF Catheter (SF) or Arctic Front Advance Cryoballoon (CB). Model
parameters were estimated using the results of two recently published studies. Results: The ST resulted in
average per-patient savings for combined inpatient and outpatient populations of US$1488 and US$4494
compared with SF and CB, respectively. These cost savings were greater in the inpatient setting. Conclu-
sion: The 1-year expected hospital visit costs for PAF ablation were lower with ST than with SF or CB.
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Atrial fibrillation (AF) is the most common cardiac arrhythmia in the USA, affecting between 2.7 and 6.1 million
people [1], with these numbers expected to double over the next 25 years [1]. AF presents a significant burden to the
United States (US) healthcare system, with more than 750,000 AF-related hospitalizations each year [2]. The high
prevalence and hospitalization rates result in considerable economic burden, costing an estimated US$6 billion
each year in the US [3]. This equates to an incremental cost per patient of US$8705 annually compared with similar
patients without AF [3].

Current consensus treatment guidelines recommend the use of catheter ablation in AF patients that are refractory
to or cannot tolerate medical therapy, with several systematic reviews supporting the safety and efficacy [1,4–8].
Catheters with two distinct energy sources – radiofrequency (RF) and cryoablation – are approved for percutaneous
AF ablation in the USA. While the acute procedural success rate for ablation is very high, AF recurrence rates of
20–40% have been reported [5,9,10]. The lowest rates have been observed with contact force (CF) sensing RF and
second-generation cryoablation technologies, with similar rates seen in these two technologies [10]. A number of
AF recurrences eventually require reablation, which is most commonly due to pulmonary vein reconnection [1].

In 2014, the Thermocool R© Smarttouch R© Catheter (Biosense Webster, Inc., CA, USA; ST) was approved by the
US Food and Drug Administration (FDA) for the treatment of paroxysmal atrial fibrillation (PAF). The ST is an
RF ablation catheter that employs CF sensing technology to provide valuable feedback on force, energy level and
ablation time. Use of the ST catheter can lead to high freedom from recurrence at 1-year postprocedure, and the
rate of success has been shown to increase with the percentage of time that an operator stays within their targeted
stability range [11].

A limited number of real-world studies compare the effectiveness of the ST catheter with prior RF catheters or
cryoablation catheters in the US. However, an analysis by a single high-volume site showed that ST significantly
reduced the rate of repeat ablation procedures during 1 year after index AF ablation compared with both prior RF
and second-generation cryoablation technologies [15].
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Figure 1. Model scaffold. The above illustration represents Model 1, which includes both inpatient and outpatient
procedures. For Models 2 and 3, the outpatient/inpatient nodes were removed.
CB: Arctic Front Advance Cryoballoon; SF: Thermocool SF Catheter; ST: Thermocool Smarttouch Catheter.

Given the economic burden of AF, it is important to understand which of the current treatment technologies
results in the lowest overall ablation costs. A 2016 study by Hunter et al. showed that non-CF RF ablations had
lower procedure visit costs than cryoablations; [13] however, the study did not factor in downstream costs of each
technology into the analysis via consideration of differences in repeat procedure rates.

The objective of this study was to evaluate the costs of two generations of RF ablation catheters, the ST catheter
and the Thermocool SF Catheter (Biosense Webster, Inc.; SF), along with the second generation cryoballoon
catheter, the Arctic Front Advance Cardiac Cryoablation Catheter (Medtronic PLC, Dublin, Republic of Ireland;
CB). This study estimates the cost minimizing strategy for AF ablation from the hospital perspective by comparing
ST versus SF and ST versus CB across inpatient and outpatient procedure settings.

Materials & methods
A cost-minimization analysis was performed to estimate the expected 1-year costs of treating PAF with catheter
ablation. The ST treatment arm was compared separately with the SF and CB arms. This type of analysis was
chosen because the acute procedural success and adverse event rates at the ablation procedure were similar across
the three catheter technologies [15]. A decision tree simulation model was developed to estimate the expected costs
for each of the technologies. This method was chosen due to the short-time horizon, population-level analysis and
straightforward nature of the outcomes [14].

Model structure
Three models were developed to assess alternative scenarios. The base case model included a mix of inpatient
and outpatient procedures reflective of a typical hospital practice (Model 1), while the inpatient (Model 2) and
outpatient (Model 3) procedures were also modeled separately to better assess the differences in these care settings.
For the initial procedure, patients were ablated with ST, SF or CB. The use of multiple technologies during
a procedure was not considered. A visual representation of the decision tree model is shown in Figure 1. The
outcomes of interest were the cost of the initial catheter ablation visit and the cost of repeat ablation during 1-year
postablation. Acute procedure-related serious complications were infrequent and occurred at similar rates between
the three cohorts (SF: 2/32 [6%]; ST: 9/232 [4%]; CB: 1/59 [2%]; p = 0.5311) [13,15].

All modeling was performed using TreeAge Pro 2017 (TreeAge Software, Inc., MA, USA) and validated using
Microsoft Excel 2016 (Microsoft, Inc., WA, USA).
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Table 1. Parameter values.
Model inputs

Model parameter Default SE Low† High†

ST

Inpatient price premium (US$) 705 – – –

Outpatient price premium (US$) 853 – – –

Inpatient procedure cost (US$) 24,665 608 23,450 25,881

Outpatient procedure cost (US$) 22,773 198 22,378 23,168

Reablation rate (%) 5.3 1.6 3.7 6.9

Proportion of inpatient procedures (%) 23.2 – 20.9 25.6

SF

Inpatient procedure cost (US$) 23,960 608 22,745 25,176

Outpatient procedure cost (US$) 21,920 198 21,525 22,315

Reablation rate (%) 15.6 6.4 9.2 22.0

Proportion of inpatient procedures (%) 23.2 – 20.9 25.6

CB

Inpatient procedure cost (US$) 30,858 663 29,532 32,184

Outpatient procedure cost (US$) 24,791 254 24,284 25,298

Reablation rate (%) 13.7 4.5 9.2 18.2

Proportion of inpatient procedures (%) 17.3 – 15.6 19.1

All cost values are reported in 2017 USD.
†For cost parameters, the low/high values were calculated as -/+ 2 SE, respectively. For clinical parameters, the low/high values were calculated as -/+1 SE, respectively.
CB: Arctic Front Advance Cryoballoon; SE: Standard error; SF: Thermocool SF Catheter; ST: Thermocool Smarttouch Catheter.

Clinical parameters
Repeat ablation rates during the first year after the initial catheter ablation were populated with estimates from
a nonrandomized, retrospective single site study previously presented at the European Heart Rhythm Association
Congress in 2017 [15]. The study evaluated 383 ablations (277 ST, 43 SF and 63 CB) performed between July 2013
and June 2016 at a single electrophysiology practice. The study’s Kaplan–Meier estimates of repeat ablation rates
at 1 year are shown in Table 1. Patient characteristics for this population are provided in a Supplementary Table.

A simplifying and economically conservative assumption was made that all repeat ablation would be performed
using an SF catheter, and thus follow-up visit costs were standardized regardless of the initial ablation technology
used. In addition, the setting of the initial ablation was assumed to have no effect on a patient’s need for a repeat
procedure; thus, reablation rates for a given catheter were assumed to be the same after inpatient and outpatient
procedures.

Costs
Cost estimates were obtained from a published retrospective analysis of adult patients with AF [13]. The study
evaluated 2537 ablations performed during 2013 and 2014 at hospitals submitting data to the Premier Perspective
Hospital Database. To estimate the visit cost for procedures using ST, which had not been adopted in the USA as of
the time of that study, the expected price premium for an ST catheter versus an SF catheter was provided by Biosense
Webster, Inc. The cost estimates used for the models are listed in Table 1. All cost data were adjusted to 2017
dollars based on the Consumer Price Index – Medical Care, published by the US Bureau of Labor Statistics [16].

Sensitivity analysis
One-way sensitivity analysis

A one-way deterministic sensitivity analysis was conducted by varying each model parameter individually and
observing the effect on the results in order to assess the impact of the individual model parameters and the
robustness of the findings. Reablation rates were varied by ± 1 standard error (SE), procedure costs were varied
by ± 2 SE, and the ratios of inpatient to outpatient procedures were varied by ± 10%. The SE for each variable is
shown in Table 1. For the reablation rates, the SE reported is the SE of the Kaplan–Meier product limit estimate.
For cost variables, SEs of the population estimates were calculated from the reported standard deviations and sample
sizes. The one-way sensitivity analyses (SA) were conducted separately for each of the three models.
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Probabilistic sensitivity analysis

Monte Carlo probabilistic SA were performed for three models to further evaluate the robustness of the results.
Both first-order and second-order uncertainty were tested by running a simulation of 5000 trials, each of which
consisted of 50,000 hypothetical patients. This sensitivity analysis was used to estimate the proportion of simulated
trials for which ST had lower costs than SF, and for which ST had lower costs than CB.

Cost values were sampled from the distribution of the mean cost, as defined by the means and SEs of the visit
costs. The mean cost was assumed to be normally distributed based on the central limit theorem. For reablation
rates, a triangular distribution was assumed. The distribution was estimated using the proportion reported by
Osorio et al. as the most likely value and ±1 SE as the minimum and maximum values [15].

Results
ST versus SF
The full cohort of PAF patients having a catheter ablation using either ST or SF (Model 1) have expected 1-year
ablation visit costs (index ablation plus repeat ablation) of US$24,400 and US$25,888, respectively (Figure 2).
Consequently, the expected cost savings is US$1488 per patient treated with ST versus SF in 1 year after the index
ablation procedure.

Patients who receive a catheter ablation in the inpatient setting (Model 2) have expected costs of US$25,935
and US$27,698 with ST and SF, respectively. Consequently, the expected 1-year cost savings with ST is US$1763.

Similarly, patients receiving an ablation in an outpatient setting (Model 3) have expected 1-year ablation costs of
US$23,935 and US$25,340 with ST and SF, respectively, resulting in an expected savings of US$1405 per patient
in the ST cohort.

ST versus CB
Patients undergoing a PAF catheter ablation in any setting (Model 1) with ST or CB catheters have expected average
ablation visit costs (index ablation plus repeat ablation) of US$24,400 and US$28,894, respectively. Consequently,
the expected 1-year cost savings are US$4494 per patient treated with ST versus CB.

Patients receiving a catheter ablation in the inpatient setting (Model 2) have expected 1-year costs of US$25,935
and US$34,141 for ST and CB, respectively, leading to an expected cost savings of US$8206 per patient treated
with ST.

Patients ablated in an outpatient setting (Model 3) have expected 1-year ablation visit costs of US$23,935 and
US$27,794 for ST and CB, respectively, with an expected savings of US$3859 per patient treated with ST.

Sensitivity analysis
One-way sensitivity analysis

The one-way SA conducted for the three models found that ST is cost saving compared with SF and CB at all
tested parameter values. When comparing ST with SF and CB, respectively, the models were found to be most
sensitive to SF reablation rates and CB reablation rates, with the exception of the inpatient only model (Model 2)
comparing ST with CB, in which case the model was most sensitive to CB procedure cost. Tornado diagrams for
each model showing the effects of changing each parameter value can be seen in Figure 3.

Probabilistic Sensitivity Analysis

In the probabilistic sensitivity analysis that evaluated ST versus SF, cost savings were observed in 100% of the
iterations for each of the three models. Similarly, ST minimized costs 100% of the time in the inpatient model
for ST versus CB. In the combined setting and outpatient models, ST minimized 1-year costs compared with CB
99.8% and 99.6% of the time, indicating that the model results were robust to expected variations in parameter
values.

Discussion
With any new technology, it is important to evaluate the clinical effectiveness and impact on healthcare costs. The
goal of this study was to evaluate the cost impact of an innovation in RF ablation technology for the treatment of
PAF. The ST catheter has been shown to have significantly lower reablation rates than both SF and CB catheters
when treating patients with PAF [15]. This study sought to explore how the differences in reablation rates contributed
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Figure 2. Base case cost minimization results. All cost values are reported in 2017 USD.
CB: Arctic Front Advance Cryoballoon; SF: Thermocool SF Catheter; ST: Thermocool Smarttouch Catheter.

to economic value by comparing the 1-year costs of PAF ablation with the ST catheter to both SF and CB catheters
from the hospital perspective.

The results of this study found ST to be the cost minimizing strategy in all three models. The base case
model, incorporating both inpatient and outpatient procedures, resulted in 1-year cost estimates of US$24,400,
US$25,888 and US$28,894 for ST, SF and CB, respectively. Cost savings with ST were greatest in the inpatient
setting, particularly when compared with CB, where cost savings for inpatient procedures were more than double
those for outpatient procedures. The ST versus CB cost savings were driven by the lower index procedure costs with
ST combined with significantly lower repeat procedure rates within 1 year. Moreover, despite the slightly higher
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Figure 3. One-way sensitivity analysis tornado diagrams.
CB: Arctic Front Advance Cryoballoon; SF: Thermocool SF Catheter; ST: Thermocool Smarttouch Catheter.

index procedure cost of ST compared with SF, 1-year cost savings were realized due to substantially lower repeat
ablation rates. Extrapolating the results of this study, in a center that performs 100 ablations per year, this amounts
to US$148,800 and US$449,400 in annual cost savings by using ST instead of SF and CB, respectively.

The ST is a relatively new technology, receiving US FDA approval in 2014, so the real-world clinical and
economic outcomes have not been studied extensively. The study by Osorio et al. found that in a real world
population at a single high-volume site using a standardized workflow, ablations performed with a ST catheter led
to significantly fewer reablations in the first 12 months than procedures performed with SF or CB catheters, with
no significant difference between SF and CB [15]. In comparison, the FIRE AND ICE trial found no difference in
12-month efficacy between RF and CB ablation procedures [17]. The ST catheters comprised only a quarter of the
RF cohort in this trial, and it was not powered to distinguish between the older and newer technologies.

One small single site study published in 2013 reported hospital costs of US$7482 higher, on average, for
cryoablation procedures than RF ablation procedures [18]. The larger 2016 database study by Hunter et al., which
was utilized in this study, found adjusted visit costs of US$6942 and US$2889 higher for cryoablation than RF
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ablation in the inpatient and outpatient settings [13]. Furthermore, a 2013 conference abstract describing a cost–
consequence analysis comparing ST with non-CF RF catheters, based on clinical data from an Italian hospital,
found that ST was a cost-saving technology [19], consistent with the findings of this study. To the authors’ knowledge,
this is the first cost analysis comparing ST with both SF and CB technologies.

Limitations
The clinical data used in this study are based on analysis of the results of a non-randomized single site experience.
These data were used because published data from a multicenter or randomized study was not available. Moreover,
this study was designed from the perspective of a US hospital. Consequently, the findings of this study may not be
generalizable outside of these settings.

This model does not take into consideration the possibility for multiple repeat ablations in 1 year or use of
multiple technologies during the initial procedure. However, multiple repeat ablations within a single year are rare
in PAF and did not occur in the study population that was utilized for repeat ablation rates. In addition, the model
assumed that repeat ablation rates were the same for both inpatient and outpatient procedures and that all patients
were reablated using SF catheters.

Conclusion
In a high-volume US site, the use of the ST catheter for ablation of PAF resulted in a substantial reduction in
1-year expected hospital visit costs for index and repeat ablations compared with SF or CB, driven by lower 1-year
reablation rates.

Summary points

• This study estimated the lowest cost catheter ablation technology for paroxysmal atrial fibrillation by comparing
index ablation and 1-year reablation costs for the Thermocool Smarttouch (ST) Catheter versus the Thermocool
SF (SF) and Arctic Front Advance (CB) Catheters.

• A deterministic decision tree simulation model was developed from the hospital perspective. Costs assessed for all
three cohorts included the initial catheter ablation visit and the first reablation visit for any patient requiring
reablation within 1 year.

• Three models were developed to estimate costs across inpatient and outpatient settings (Model 1) as well as
within inpatients only (Model 2) and outpatients only (Model 3).

• The 1-year reablation rates were populated with real world data estimates based on 383 ablations (277 ST, 43 SF
and 63 CB) performed between July 2013 and June 2016 at a single high-volume electrophysiology practice.

• The average costs of catheter ablation visits using SF or CB were populated from a 2017 study by Hunter et al.
that utilized the Premier Hospital database, evaluating 2537 ablations performed during 2013 and 2014 at
hospitals using both technologies.

• One-way and probabilistic sensitivity analyses were performed to test the robustness of the cost minimization
results.

• The ST led to cost savings of US$1488, US$1763 and US$1405 per patient treated versus SF in combined the
inpatient and outpatient settings (Model 1), for inpatients only (Model 2) and for outpatients only (Model 3),
respectively.

• When compared with CB, ST led to cost savings of US$4494, US$8206 and US$3859 per patient treated in the
combined inpatient and outpatient settings (Model 1), inpatient setting only (Model 2), and outpatient setting
only (Model 3), respectively.

• Sensitivity analysis showed that the models were generally most sensitive to reablation rates within the SF and CB
cohorts and found the results robust to changes in parameter values.

• These results suggest that the use of the ST catheter for ablation of paroxysmal atrial fibrillation could result in a
substantial reduction in expected 1-year hospital costs for index and repeat ablations compared with SF or CB.
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